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(57) Abstract ^ - n -jn 

Cancer antigens containing as the active ingredient a Wilms' tumor suppressor gene WTl product or a peptide consistmg ot 7 to 30 
consecutive amino acids in the amino acid sequence of the above gene containing an anchor amino acid binding to major histocompatibility 
complex (MHC) class I, and cancer vaccines containing the same. 
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i^-Mm. 'T-'^mm. mmmm. i^izuwr i ^^la-r 

^lH«S{c55-'fl:-r B - U y f<'mm-h^m^--t ^'•^'^^^ t . tjtlioil 

^i^icfcl^^Tli. ig^I^jS-o-taE (Major Histocompatibility C 
omplex : MHO 7 X I i St E i © ® B ^ ^StJi 
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^ - T - ^?Bf^<DW^ii^ t ^ tl ^ (Cur. Opin, Immunol., 5, 709, 199 
3; Cur. Opin, Immunol.. 5. 719. 1993; Cell, 82, 13, 1995: Im 
munol. Rev. 146, 167, 1995) o 

m^mfi^r-^ ^Bmm±i'^MH c ^ ^ x i ^m.^^ ^ 'o m^^ti^ 

T--t?'{^i:*9^o-bi/>^'$nT^fi5cL/-cf^8~l 2{®OTi J m. 
t>fi5c^ '^^^^ K-e* c!:#x. "itLTlr^ -5) (Cur. Opin, Immunol., 
5, 709, 1993; Cur. Opin. Immunol., 5, 719, 1993; Cell, 82, 
13, 1995; Immunol. Rev., 146. 167, 1995)o 

Wilms mm(Dmmmi&B=FWT i (wt i it^s^) {is w i 
I m s mm. mum. mm^mmmn. mnmrnmrnfit-^^mi- 

W A G Rmi^M<Dm^^^ W i 1ms M« O HHite^ ® 1 ^ t 
LT^fei*:! 1 P 1 3 # ^1 ^ tl 7t (Gessler, M. . Nature, 
Vol. 343, p. 774-778 (1990)) i^<DX&iO. y / A D N A (i 5 0 
kbT' 1 0 (D j:.^ y yH)^ ic>^'0 . ^<DcDNA{i|^3kb-e*^o cD 

^ (Mol. Cell. Biol., 11, 1707, 1991) o 

iT>^-t?>x5r'j =r -7 - X iukmt ^ t^<Dm^^i^M^<ii^M^n^ 

i^m^ 9 - 1 0 4 6 2 7 -t^^fR) Z. tfS. > W T 1 ilfe^ 

j^ikmmii^(Dmmi^is.M&^Km^'x^' ^ z t:/)<^^^ nx ^ o ^ 
WT liABi^i^t. mm. i^mm. mm. %m. mumm. sf 
m. ^mm. mmm. mtim^. t-'B^. '^■'^mm. mmmmom 

ff^JS{C*5^,^T4^^S^^tTfc<9 (#lfl¥ 9 - 1 9 1 6 3 5 ) . WT 
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Ctlt.O^T/^^ Hy&<MH cm^K t^^-t ^ d i^Btlf.-T'S .t^f- 
. MH C ^ X I iJti^chS^^Lfc^^fc^-^ -T -ij;HflS<£rM^L> 

® c D N A {ci^jS-r ^ @S^iJS-§- : 1 (-^-rr ^ y ^i2^iJ{C:fel^T^ 
2 {C^-r T ^ y ^@S?iJ(Cfc^.^T^ MH C ijimt(Dm^(Dfzib(DT > 

o 
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EI 1 {i. mmm i {c^Mt^> d-^ 126 K-e^g ttzmmt 
$^f^mmm<D -7 u-^^ V / V - Kioii ^ CD A * ^^mt cos 

EI 2 (i. ^ifefij 2 {ciJft . D " 126 < f- K J; ^3 ^-g L /.i^H 
EI3 m2 tmi^M^O 9' ^ y is^ ^ o 

121 4 {cfcn^T^ A (i. ^m^J 3 (C*J{j- ^ . D 126 K^ffl 
UT^#L/cCTL©. D" 126<y^F<&^N°>'l'XLfcT2|fflflS{c 
>f^^ L . B liHlrfe^J 3 (C^Jft s WH 187^^5^ 
K^ffiOT^#Ly-;CTLO> WH 187^ :/ f- K * >'l/ X L T 2 

EI 5 > D " 126 ^ K{c J: «9 ^ C T L - ^7 

-^FACS(cJ:0)^?tfTL/^:|$^^^-r^-\'-h-e*^ (CDl 9 
llfflflSRa' C D 3 mflS) o 

EI6(i> C D 4 IffliaS:^/ C D 8 I^HflSfco l.>T©> EI 5 <h jHjli © ^ 

■V — h "tf- .:. 

EI7(i. CD 56|fflflS{-ol^T©H5<^:|5I1i®^-f-h-C•■*^o 
EI8{i> WH 187^:7'5^ KiC J: «9 M# L C T L ©g®-^ - :^ - 
^ F A C S {c J; 0 ^t)T L fc^g^^^-r ^ -t- - h -e* ^ (CD 19 $H 

flSS^O' C D 3 IfflfiS) o 

El9{i> C D 4 iBBflS^t/C D 8 lffl3S{co ^<^T©. El 8 i jslli (D ^ 

- h -e * ^ o 

Ell Oli. CD 56^BflS{c-o^.^TcD.EI8(b|^j1i<D^-^-^-e* 
El 1 1 li. D " 126 K^i^m^ C T L J; ^ . D " 126 
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A- A 2. 1 1;t;{*©§>#^*^ -7 T-^ ^ o 

[.^U\.^mMmfi^i^M-t ^ . 126 ^-/f- Kt^^fi^ C T L (7)|iHflS?g 

^fg-tt^itlx L ^'5 7 -e*. S o a {i E : T Jt:^^' 7.5:1 CDif-^ 
CD^S^^^^L. b(iE : Tlt;{><l 5 : KD ^^ir ^ 

1 3 fix WT 1 ^mmt ^mmmm ( f b l 3 ) rc/ 

wT 1 =^mmtfi^^mmmm (rma) Km-^. d" 126 

^nrt-^^j: 1.^15] i:;^fflflS{c*f-r d'^ 126 -<-f^ K^me^c t l ® 

EI 1 5 {i x D " 126 K#m6^ C T L ® fffl BSftt^ *t ^ . 

mi 6{i> 126 '<^^K^7^^><hLT{^fflLT-7'7X<£: 

EI 1 7 {i> WT 1 K^DNA7i:'^>tLT 

E 1 8 (i. EI 1 7 (DMrnr-^ o T. WT 1 L t^j: ^5 X = 

Immunogenetics Vol.41, p. 178-228 (1995) cDf5«!5*M^> K " ^ 
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8#g®LeuSC5Me t W^^^m^ tl. t fz D " 

ti - 7 I yMiLT5#@®As n>16D^l-9§@CDMe tRO^I 1 

t^tj^. ^ ^ ^ K CD if ^ X' {i J; ^ 8 ~ 1 2 ^@ C i ^ n T 

CD i$[ {i if ^ L < li 8 ~ 1 2 mX'^K) . ^ij ;i li' 8 X (i 9 j@ T * ^ o 
*^B«fcfc l^Tti. ^ (Dm^$^J i L T. MHC^^XICDK" K 

^g-^-r -S^-Zf- KiLT. T^y^8 {i*^ ^i: ^TfS^-/^ K : 
K " 45 Gly Ala Ser Ala Tyr Gly Ser Leu (E^US^ : 3) 
K " 330 Cys Asn Lys Arg Tyr Phe Lys Leu (E^iJS"^ : 4 ) 

i^gc-STIEcD^-rf- K : 

D " 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (iB3^iJ#-§- : 5) 

D " 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (iE^'J^"^ : 6) 

D " 235 Cys Met Thr Trp Asn Gin Met Asn Leu (Se^iJ^-^- : 7) 

^mm Lfio ±iBis?ij{-*ji>TTfe^^# t/cT ^ y m.^<7 yti - 1 

'(!KK. cn^?0^>^^K©|*I. K" 455^ C/K'^ 330 {Col,^T(±M 
HC^^XIOK" tO^S-^tt^. D" 126 , D'' 221 RO'D" 23 
5 {cot^T(iMHC^'7XI©D'' iOilg-^ti^. ^II^-/^ 
tg^ LTl^/i:i^;()< (emp t y ) . K " D " 1^ ^ ^ tl T •?> 

-b ^ > ( R M A - S ) ^ ffl I- ^ T iiJ ^ L o 

-r^£=b-fe. RMA-S^2 6T:(CT^«LTMHC^:75Xl^i^ 
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C^^xl^d^tD^T&^^-S. ?:>:{c.MHCi>5Xl (K", D") 

feL/^: F A C S j^tff ct <9 > i^ffllS^ «9 

\^^mW&WL^l\n^f'^ (Immunol. Lett., 47, 1. 1995).:. 

K" 45 -4.5784838 (log) 

K''330 -5.7617732 

D''126 -6.2834968 

D''221 -5.7545398 

D''235 -6.1457624 

kd{t) ^WLT(-^^*<> S ti^l-^^S^fl^Ptt^^-r D " 126 ^-/^^ 
K ^ J^. It ® H ®^ { - ^' ^ T ffl ^ c. 

^ 7t s t h {C o T (i X Immunogenetics Vol. 41, p. 178-228 ( 
1995) OfS«7&^b> th®HLA-A* 0 2 0 1-\®^^T>^- 
r=yMiLT> N-*4S*^^'2#gcDLeu^O^Me t. m.Xj\z. 
N - ii9#S©Va lS.C5Leu ^ tL ^ o ^ C . t 

h WT 1 i y ^Se^iJ (Mol. Coll. Biol. Vol. 11, p. 1 

707-1712, 1991) (Se?iJ#^ : 2) ^JT-. ± O ^# {C g[ ^ > 9 
i@©T = J'^-b-h^^ 2S!^o^:^^ K^'&gKL/^., 

D " 126; Arg Met Phe Pro Asn Ala Pro Tyr Leu (i2^iJ#-§- : 5) 
( V X 4o {j- -2, D " 126 0 SB^iJ <h [5] i: ) 

WH 187: Ser Leu Gly Glu Gin Gin Tyr Ser Val (iB?iJ§-^:8) 
(T^.^{iT>7^-T^y^^*-ro ) 



wo 00/06602 PCT/JP99/04130 

JbfS^-:^^ K<t.HLA-A* 0201c!: (D ^ m (D X o 

±fe^^^K<h. empty/dlHLA-A* 0 2 0 1^t-^T2 
(J. Immunol., 150, 1763, 1993; Blood. 88, 2450, 1996)^ 
3 7 "Cs 1 > + ^^-K^. HLA-A2. 1 ^^m^t^^ 

7^:=^!^^ ^ ^ a T2|fflflS^^feL. FACSj^^frT- 
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WH 187 
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1 X 1 
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t h MH C {c^5tf;£;-r ^^^^ K<i: LT. ±12 D " 126 RO'WH 1 

mm. miLmm. "p-Mm. =T-'^mm. mM.mm(Dmmm(D^pjXit 



wo 00/06602 PCT/JP99/04130 

yKM'itT Jl i ^ ^ (D C t ^ f ; U V •> ^ > , Jl a — -y 
^ yf. ^) ^ - jl(D z: t ^ n^f^i^M ; ^ 'J T - > ; ^ K ; X (i 

^ -So — 1 B ^ <9 0 . 1 g ~ 1 mg/kg-e^ ^ 

* ^ fl^ ^ . ±12 O ^ U ^ f- K '7> ^ > ^ n - K f- D N A 

:b-&> WT 1 ©SI55>^ ^ - K-r-S^^. $f^L<{iDNA^ 

^^•^ C i (C J; ^) . ^^fe^g^^ L: ^ -ii-^ C <i::*<-e ^ ^(D^W 
^ij Hlffe 9 {c ^ o 

D" 126 '^^^f-Kl 0 ^^^5fe®?L^fl5fe7l<*^^ (LD 

H) 2 0 0Aig.S:O'7D-<>h CD^^^T v ^ ^< > h 0 . 5 ml^ 
C5 7BL/6-7'> 1 iiSJC 2 LT^mMm 

5 B rs^i^m L . ^ ^ - T -mm^mmmm l /c,.-, ft!i;5-D " 126 ^ 

K{::ct ( 1 0 0 g /mlO^^^ K?§?S i 3 7 °C T 

3 0 55- Pb^ > 4^ ^ ^ - h ) L/C Europium ^^;UEL-4|fflflS (K 



wo 00/06602 PCT/JP99/04130 

> '/Xcomi'fi^^KlKi 1 1 ingr-y-fe-r^fTo/^ (^1) o 

-^©fg^. D *" 126 ^^N°;UX L E L - 4 I^HfiS^tlfi^tc L /c^^ 
ii, ISIffl)ISSj!jm5{)<M. -S) n/r:^)<. D" 126 ^/N°;UX LTl^^il^ E L - 





-7 X A 


-^f' r> X B 


^ ^ 5^ K + 
^ ^ f- K - 


76. 6 % 
4. 9 % 


37. 2 % 
0. 9 % 



E / T Jt 40 : 1 



K i 1 1 i n g T -t? J: f9 ^lffl)i^Sil» ^ ^ t 

myAUUPc"^. '^itmWkLfzViC D 4 ISl^^XtiinlC D 8 tJtft-e^fe 
L-7o-if-rhy CD4S.O^CD8 ©^i^^l^tfT L 

-ecD^^m. 0 1 {c^-r r <t < . #^i!g*fM^fflflS{::it-<T. D " 12 
6 ^:7'^ K-e^SMS L ^^if iHJStciJ i,>T(i. ^ ^ - T -^iffiflSJc J: 
^ft^^n-S CDS* ^;b/s-T - ^fflflS^tc J; «9 ft 

^ ^ n c D 4 * muKtiir ^ CDS" mu(o\t^i)<T^^mi]u l t 

Hlfei^iJ 2 

CblBLXe-?^ 7.(D-nU^^(Dm^mm ( d e n d r l t l 
c cells ; DC) ^^komi^ L X mm L fz ^^i^Vt^^^. 

fl-ffiiiBm^GM-csF u^r-cmm l . ■^u^^ni^mm^mm 

Ltz (J. Exp. Med. 182. 255, 1995).:. 

7 B Fa^i^S L ^at ilffl )!S i 1 Oa«M<7)OVAII (Ova 1 bum 

1 0 



wo 00/06602 PCT/JP99/04130 

in II ) s^o'iA^MCDD'* 12G ^ -f ^ V t 3 mm y ^ ^ ^ 

- h Lfz'^. L tic 

C57BL/6-7':7X©foot padsihands 

. mmmMm^mmLtzo mio. d" 126 K-e^N°;ux l. j^i 

|^^.^,l4LfcB7. 1-RMA-SlHfl^ (Co-s t imu 1 a t 
ory molecule-e*^B7. l^n-K-T^itfe^^h 

2)5:{C. ±iR(D >J >/N°gi5aj^lSB8S-^3!S?Sc!: 87. 1-RMA-S|ffl 

mt^m.-^ Lxm^-t c i {c J: *9 > f h p -e^^m l tzo 

}!kIz. -< > f" h a lI'CDnm^oy 5 B " C r 7: ^ ^ Jl L fz R 

MA-S|fflflS^^6^iLTKi 1 1 ingT-y-fe^^a^ofCo ^$iJ 

Lxm^'fzm^. m:K(DE T it (i. o) ^tfcc. 

HI 2 SiO'HI 3 {C^-r r i < . D " 126 ^-f^VlzXK) ^m^tifz 
X © U > ^<m^^(D jc.y X. ^ ^ -IHflSti. 1^^^^ K-e^^^>'U X 

t fz. mmm i tmrnizLTn-^fzyx:'--^^ hu--ecD 

4* ^fflflSiCDS* mm(Dit^mmttztZ.^. CD4 : C D 8 = 
1:1. 4~1. 7-C*«9> v-^ X^ffljiS (*tM) {cit-<T. 

D" 126 ^^5^ K-e^S^ n/c-r-> XfflflS{C;fcl^T{i> C D 8 ^ Iffl 
flS/O^litJn L . C D 4 * ilfflliS : C D 8 " I^Efla©lt (^?f ^JiiSJC *J T 

mmm 3 

'^^^ K D " 126 XtiWH 187 ( 4 0 g / ml) <h 1 a# fe^ > 4- 

- h Ltz^Kmm^^miiiLfzTzmm^ x i mtuLA- 

1 1 
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A* 0 2 0 1 ^ h'om'^A(o^mmmf$ i x i o ' mt^^mmt 

tzo — ilPam. ^Zf'f- V (2 0//g/ml) t 1 y =^ \^ 

^ff^A-^V-Cc. ^©SB*^'i> hhIL-2 (m^m^ 1 0 0 JRU/ 
ml) ^i^^l^l^1]U:^fZo 

^^5^ K^^^°>'UX$nTl-^^<i l^^T 2 Ifflli^^tifi^t- LT. K i 1 1 
i ng a s s a y ^^^^^ t^o ^ tz ^ M^^n/cCTLO^®-^ 
-:^-^FACS ft? tlx L o 

Ki 1 1 ing assay{iS■/£{-^A^*'^Europium'^■•7 

o 

Ef fector :Targetit (E/T ratio) 1 0 : 1 

Igft?^^'©^^^ K^S : 5 fj. g/ml 

A K^-to m A (DAiiD" 126 ^ ^ K ^ ffl T SI* t 
fc C T L O . D " 126 Ky-^ V^y<Jl7.LfzT zmfi^l^Mir^^^ 
m^^^^^Ls lll4©B(iWH 187^-/^ K^ffll-^TM^ty-^C T 
LCD. WH 187^^^ K^^^°;b X L T 2 IfflflSt::^ -r ^ ^IfflflSSft^ 

^^^m^m^^-^<M.^nfzo 

F A C S m^ffrO^^m^m 5 -EI 1 0 d^-To 0 5 ~ 7 Jc D " 126 
KTT-li^L/ct h©CTL© ^SH^ ^ L . ch ^ i'" O Iffl 
C D 8 m^-e^ -o fzo El 8 - HI 1 0 tiWH 187KTf- KTSI*^ ti 
t h © C T L ©^m^^-Tc C D 4 H&lffliSi: CDS llt4lfflflS*< 

1 2 
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{J m^m-c ^ tie 
mmm 4 

umt ^ tz^. F'e/^>'^x T 2 mii^i^^i- ^ C T L (Dm 

mm^iS^^y' ^ y ^ -t ^ fzibiziKH L A - A 2 . 1 ^-7 
Jlifii^^m^'f^ o 126 K-y ^ K-e/-?>'U X L T 2 !^ffl)ia©#S6^ 

mflS?§)^^5 : l^DE/Tit.^c:fc^.^T. HLA-A2. 15^^{c5^ 
■r'S:/n.y4->^'^yi;'n--:f-;Ujn:i* (BB7. 2) ®#^T3lli 

I^S^^EIl 1 {^^-To ^O0{C;fol^T* ^{^JJlH L A - A 2 . 1 

m Ltz^^^yf^iTo Z. (Om^^ ibt-f^miO . eO/ig/mlCtrCH 

LA-A2. l^y^a-^JlVLW(DmmiCJ:iO. fflljS«tt{i> T 

2 ilE)iSO$BflS7#)^£D^< -y ^ i^^*^ > K t -e{ST L T ^ V 9 ^ ^ 

tMMW^O t y ^ a -■i-;U{n:i*: (taH-2K'' ^y^n-^;l/ 

Y 3 ) T 2 ^E9flS CD -^il? {c ^ m ^ W L /j: o :. 

D " 126 K#M6^ C T L :^*6^{CWT 1 ^f^H-T ^ H 

L A - A 2 . 1 Utt&JfllJ^lfflfl^^^^ Z.bt^'C:^^ L 
f-o tlfiUSlfflflSi L T T F 1 (WT - 1 L . H L A - A 2 

. lia'^)>JYIi5fflM(WTl^^Ja-y--r>HLA-A2. 1 »te 
) . 1 t-4li;ffl§S (WTl^^^L. HLA-A2. lit 

tt) ^ffll^. 7. 5 : 1 (a) 3^{il5 : 1©E :Tlt{Cfcl<^T. 

3^m^EI12{^^-ro D-^ 126<^^K#mfi^CTL 
W T 1 ^^li L H L A - A 2 . 1 H © jfll ^ Jiffl T F 1 {C L T 
MmJim^n'^^'T-X^fztU Mo 1 t-4 (WT1^^31L. HL 

1 3 
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A - A 2 . 1 - mm xitJYm^ iwT 1 ^^m-^-r. hla- 

A 2 . 1 - IStt) Ki^LX lt^< -J "7 f ^ ^ K b ^ offflfi^r§M ^ 

%i^m 6 

m-r ^mmmm (fbl3) tL<{iWTi ^m^tfs.\.^mmmm 

(RMA) (E113).X(iWTl i&B'T-^ h5>X-7i^ h^ti 

1^/j:L>C 1 4 9 S^fflilS (EI 1 4 ) (CoC^T. # m6^S^fflfl^?§il?^ia 1 
SRV^mi 4 (c^f-E/T It {c*5t.%Ti|iJ^ L/C o 
El 1 3 (C^^ii^ . D " 126 K-/^ Kl^mfi^ C T L 

WT 1 ^^^m-t^ F B L 3 mm^r^mLfz^<wT 1 ^mm.Lfi\.^R 

U A m^i^^ L fS. -0 fz o EI 1 4 {c^^il «9 . ^ ^> D " 126 
^ K4tmfiU C T L (i. WT 1 L ^j: Ofl C 1 4 9 S^fflflSic 

i:b-^-r. -7'^7XWTliife^^h^>X7ii^ h^n/cC 1 4 9 8 
mfi^^^Ltz.-.. cn{cJ:<9. C T L J: ^^^BflgO/-c26{c#.6^<b$ 

n/c5^^ >6<5t*^{cwT 1 ^^f- K-e* ^ c t t<mm ^ n/c. c n ^ 
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:/ n -tr V > ^'{c J: «9 ^ n> ^ L TWT 1 ^^IfflflS© H 
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^jfe^J 7 

C T L ©|ffl«S?§^-/5'l4^<M H C Jp]^'tt-e*> ^ J^>^S*^<&l^)^t• =B fz 
H - 2 ^ 7 X I tci^-r ^ K{*©#^£T-e?Ii]^^n^ -5 /Co -r 
Uyht> . 126 K#m6^ C T L J; ^ . D " 126 ^-/^ V 

7sy< JUT. LfzRU A - smm. H - 2 (2 8. 13. 3S). 
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H-2D'' (28. 11. 5S)X{iH-2L'' (MA143)}C 
M-t ^ . ^ 4 ^ - ^m^Lfz^ J ^ CI - ^;^in:#:®#^£TT■|^l^ L 

a ~ i- A^if^i^m Lfic. 

ISH^m 1 5 {:i^f-c. H - 2 D " (C ^ © M S ® iiJP -(S 
^LX . D" 126 ^ y ^ K -e >'U X L /I R M A - S ilEa US {C -r ^ C 

T L (Dmmmmf^i^^<wm^nfz^<. h - 2 k" xuh - 2 l " 

m-t ^ i/ii^ii c T L (Dmmi^mf^^^nu L o tzo ti ^(d^ 

C T L ;0<H - 2 D " fSj^ W {c ^ -/g^t ^ "T ^ C i ^ 

Mmm 8 

D " 126 F{Cct S^ISW^^^bd J: y) ^w^mmfs.^tKw. 

n^ij^'^-h^^Um.LfZo 126 ^ K fc J: ^3 X $ tl 

LPS rg^'fkgfiaiiS (01 e^JCDll^) > LPsste-fbUflfflfl^®^ 

(mJli) ^ Xti U >^Mffi?^©<?^ (PBS) {-mm J; ^ . 1 ig 
PH^{c:lll]^r>x^^igL/;o 3iiPa1®^S<Dm. 3X10' i@©F 
B L 3 Sl&^ISHflS^IIIfl^ rtai^ L /Co 
^g^^mi etd^-To 0*= 126 ^^f-K{iJ:'9^^^=}a/c-7'>X 
U > v= L ^ L L fzti<^ i^^m^^ XRO^ L 

p s m^^tBWB.(D ^-^'^^-^ o 7. [tm-m^f- ^ v yj^^m 

x«^^/-Co mij. V x{c^n^T(i> ffi7K(i^©^^'^ f-M 
{i> L . v-^ X M« ^ U > V ^ (c fgm L . ^ L T L fc c 
^^^S'^'t'XJCfc^l^T. fi^jIlT (r e g r e s s i on) 

^ 11^ ^tlfzc :i®ii<fti. Fr i end & Mm X ( F B L 
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^jffe^ij 9 D N A 7 ^ ^ > 

6~8il«$©C5 7BL/6-7't7X{C. 10 0/zg®WTl^^ 
^-r-S^^^X-'v KDNA (-^-i^^WTl cDNA (Molecular an 
d Cellular Biology, vol.11. No. 3. p. 1707-1712(1991), p. 1709 
(D-^m^ OSun 3AI»f>t^CMV - I E-^^P^-^-t-MM 
WT 1 ^nm^^^ ^ ^ K^^'F^) (Proc. Natl. Acod. 

Su. USA., 92, 11105-11109(1995))<& 1 0 B ^ . ifSlHlM^^I^ 

m^t. :i(Dmmm <!: . WT l ^^m. LT^.^'5mWTlC14 98 

mm ( 4 0 G y jjcM^M*r) e b FbI. 37 vx^^m^n^i 

^t. mmmmtLX. WTl L-ri^SC1 4 9 8 (PM5G 

-mWTl) iWTl^%^LTl.^^i:l>Cl 4 9 8 (PM5G) ^ 
ffll/^T> Ki 1 1 ing assay (Europium"e^^>'l' 
) -o fzo -^l:^. C 1 4 9 8 (iWT 1 L x-tfltt 

WTl^lSI^LTl^'Ss CI 4 9 8 (PM5G-mWTl) Bfl^ 

(CTL) ;6<^^$tl/Co 
^^^Sl 7{C^^o 

jf^HSi LT. ±sS<^|5l^t©^'^^^T-:> fc^^ WT 1 ^^^LTl.^ 
^^5X='y K©{-t«9{;i. WTl^^^L/Sl^ (WTl cDNA^ 

c ^ o i^mmm^^n^L. wt i^^^lti>^c i 4 9 8 (pm 
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5G-mWTl) Tin vi t r oM^'^. Ki 1 1 ing a 
s s ay^^T-^/co 
mi 8{C.T^t-jl«9. WTl cDNA^^>/cn£l^:3>ho-;Uy5 
y KDNA®^^&l^5i>^^.«. WTl ^ > y< ^ ^ C T L it 

. mmmi^Mi-^^^ -T -mm (.mmmmm^Tmm) ^mmm 
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m ^ (o m m 
1 . ^sifliiiiitfE^wT 1 (Dmmxu^om^^y^ v^m^f^^ 

T. MH c ^ ©^c^k^^g/J:T >7^7-T^ S 

K 45 Gly Ala Ser Ala Tyr Gly Ser Leu (ie?iJ#-§- : 3 ) 

K" 330 C^s Asn Ly"s Arg Tyr Phe Lys Uu (le^iJS-^ ; 4 ) 
|2.rr)FPNi>AP VL- 
-il^- D " 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (@S^iJ#-^ : 5 ) 

D " 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (SS^'J#-1- : 6 ) 

^ D " 235 Cys Met Thr Trp Asn Gin Met Asn Leu (E^iJ#-§- : 7 ) 

WH 187 Ser Leu Gly Glu cTn cTn Tyr Ser Val (E?iJ#-§- : 8 ) 

(D\^-fn-b^'(:^^. ltA}<IIl~4©^.^-rtl>^>^{::aet!c®^S^j^:0o 

6 . Mte^-^^ Kj()<. 

/Z. fT) F P A P Y L. 

D " 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (BE^'J^-^ : 5 ) 
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WH 187 Ser Leu Gly Glu Gin Gin Tyr Ser Val (IB^iJS-^ : 8 ) 

7. li5}<Iil~60l^t-"n:<>-lII{Cta«gOJStaJ!l^#/^t?fiJc'?.?S 
■7 ^ ^ > o 
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SEQUENCE LISIMNG 

< 1 1 0 > 

< 1 2 0 > Cancer Antigen Based on Tumor Suppressor Gene WTl 

< 1 3 0 > 9 8 3 2 7 9 

< 1 6 0 > 8 

< 2 1 0 > 1 

< 2 1 1 > 4 4 9 

< 2 1 2 > P R T 

< 2 1 3 > Mouse 

< 4 0 0 > 1 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Ser 

5 10 15 

Ser Leu Gly Gly Gly Gly Gly Gly Cys Gly Leu Pro Val Ser Gly Ala 

20 25 30 

Arg Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala 

35 40 45 

Tyr Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro 

50 55 60 

Pro Pro Pro Pro His Ser Phe He Lys Gin Glu Pro Ser Trp Gly Gly 
65 70 75 80 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Leu His Phe 

85 90 95 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 no 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 
115 120 ■' 125 
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Pro Asn Ala Pro Tyr 
130 

Arg Asn Gin Gly Tyr 
145 

Gly His Thr Pro Ser 

165 

Lys His Glu Asp Pro 
180 

Tyr Ser Val Pro Pro 

195 

Cys Thr Gly Ser Gin 
210 

Asn Leu Tyr Gin Met 
225 

Met Asn Leu Gly Ala 
245 

Ser Val Lys Trp Thr 
260 

Ser Glu Asn His Thr 

275 

His Thr His Gly Val 
290 

Gly Val Ala Pro Thr 
305 

Arg Pro Phe Met Cys 

325 



Leu Pro Ser Cys Leu Glu 
135 

Ser Thr Val Thr Phe Asp 
150 155 
His His Ala Ala Gin Phe 

170 

Met Gly Gin Gin Gly Ser 
185 

Pro Val Tyr Gly Cys His 
200 

Ala Leu Leu Leu Arg Thr 
215 

Thr Ser Gin Leu Glu Cys 
230 235 
Thr Leu Lys Gly Met Ala 
250 

Glu Gly Gin Ser Asn His 
265 

Ala Pro lie Leu Cys Gly 
280 

Phe Arg Gly lie Gin Asp 
295 

Leu Val Arg Ser Ala Ser 
310 315 
Ala Tyr Pro Gly Cys Asn 
■330 



PCT/JP99/04130 

Ser Gin Pro Thr He 
140 

Gly Ala Pro Ser Tyr 
160 

Pro Gin His Ser Phe 
175 

Leu Gly Glu Gin Gin 
190 

Thr Pro Thr Asp Ser 
205 

Pro Tyr Ser Ser Asp 
220 

Met Thr Trp Asn Gin 
240 

Ala Gly Ser Ser Ser 
255 

Gly He Gly Tyr Glu 
270 

Ala Gin Tyr Arg He 
285 

Val Arg Arg Val Ser 
300 

Glu Thr Ser Glu Lys 
320 

Lys Arg Tyr Phe Lys 
335 
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Leu Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 360 365 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
385 390 395 400 

His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 

405 410 415 

Arg Trp His Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val 

420 425 430 

Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu His Val Ala 
435 440 445 

Leu 
449 

< 2 1 0 > 2 

< 2 1 1 > 4 4 9 

< 2 1 2 > P R T 
<213> Human 

< 4 0 0 > 2 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro 

5 10 15 

Ser Leu Gly Gly Gly Gly Gly Cys Ala Leu Pro Val Ser Gly Ala Ala 

20 25 30 

Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala Tyr 
35 40 45 
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Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro Pro 

50 55 60 

Pro Pro Pro Pro His Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 

65 70 75 80 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Val His Phe 

85 90 95 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 110 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

115 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Ala lie 

130 135 140 

Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Thr Pro Ser Tyr 

145 150 155 160 

Gly His Thr Pro Ser His His Ala Ala Gin Phe Pro Gin His Ser Phe 

165 170 175 

Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

180 185 190 

Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro Thr Asp Ser 

195 200 205 

Cys Thr Gly Ser Gin Ala Leu Leu Leu Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Met Thr Trp Asn Gin 

225 230 235 240 

Met Asn Leu Gly Ala Thr Leu Lys Gly Val Ala Ala Gly Ser Ser Ser 

245 250 255 
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Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Ser Thr Gly Tyr Glu 

260 265 270 

Ser Asp Asn His Thr Thr Pro lie Leu Cys Gly Ala Gin Tyr Arg He 

275 280 285 

His Thr His Gly Val Phe Arg Gly He Gin Asp Val Arg Arg Val Pro 

290 295 300 

Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 
305 310 315 320 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

325 330 335 

Leu Ser His Leu Gin Met His Ser Arg Lys His Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 360 365 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu Lys Thr 
385 390 395 400 

His Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 

405 410 415 

Arg Trp Pro Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val 



Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu Gin Leu Ala 



420 



425 



430 



435 



440 



445 



Leu 



449 



< 2 1 0 



> 



3 
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< 2 1 1 > 8 

< 2 1 2 > P R T 

<213> Artificial Sequence 

< 2 2 0 > 

<223> Synthetic Peptide 

< 4 0 0 > 3 

Gly Ala Ser Ala Tyr Gly Ser Leu 
1 5 

< 2 1 0 > 4 

< 2 1 1 > 8 

< 2 1 2 > P R T 

<2I3> Artificial Sequence 

< 2 2 0 > 

< 223 > Synthetic Peptide 

< 4 0 0 > 4 

Cys Asa Lys Arg Tyr Phe Lys Leu 
1 5 

< 2 1 0 > 5 

< 2 1 1 > 9 

< 2 1 2 > P R T 

<213> Artificial Sequence 

< 2 2 0 > 

< 223 > Synthetic Peptide 

< 4 0 0 > 5 

Arg Met Piie Pro Asn Ala Pro Tyr Leu 
1 5 

< 2 1 0 > 6 
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< 2 1 1 > 9 

< 2 1 2 > P R T 

<213> Artificial Sequence 

< 2 2 0 > 

<223 > Synthetic Peptide 

< 4 0 0 > 6 

Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
1 5 

< 2 1 0 > 7 

< 2 1 1 > 9 

< 2 1 2 > P R T 

<213> Artificial Sequence. 

< 2 2 0 > 

< 223 > Synthetic Peptide 

< 4 0 0 > 7 

Cys Met Thr Trp Asn Gin Met Asn Leu 
1 5 

< 2 1 0 > 8 

< 2 1 1 > 9 

< 2 1 2 > P R T 

<213> Artificial Sequence 

< 2 2 0 > 

<223 > Synthetic Peptide 

< 4 0 0 > 8 

Ser Leu Gly Glu Gin Gin Tyr Ser Val 
1 5 
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SPECIFICATION 

Cancer antigens based on products of tumour suppressor gene WT1 

Technical Field 

The present invention relates to cancer antigens based on products of the 
Wilms' tumour suppressor gene WT1. These cancer antigens are useful as 
cancer vaccines against leukaemia, myelodysplastic syndromes, multiple 
myeloma and malignant lymphoma and other cancers of the blood, or solid 
cancers such as stomach cancers, bowel cancers, lung cancers, mammary 
gland cancers, germ cell cancers, liver cancers, skin cancers, bladder cancers, 
prostate cancers, uterine cancers, cervical cancers and ovarian cancers for 
example, as well as all cancers which express WT1, 

Background Art 

The immune mechanisms for eliminating foreign substances are commonly 
classified into humoral immunity, due to macrophages which recognise antigens 
and function as antigen presenting cells, helper T lymphocytes which recognise 
antigens presented by said macrophages and activate T other lymphocytes etc, 
by producing lymphokines, and B lymphocytes which differentiate into antibody- 
producing cells under the action of said lymphokines, and cellular immunity, in 
which killer T lymphocytes which have differentiated on being with presented 
with an antigen then attack and destroy the target cells. 

At the present moment in time, immunity to cancer is thought to be principally 
due to cellular immunity mediated by killer T cells. In cancer immunity due to 
killer T cells, precursor T cells recognise a cancer antigen presented in the form 
of a complex between the cancer antigen and the major histocompatibility 
complex (MHO) class I and differentiate and proliferate to produce killer T cells 



i 



Page 3 1 



which attack and destroy the cancer cells. In this process, the MHC class 1 
antigen-cancer antigen complex is presented on the cell surface, and this is the 
target for the killer T cells (Curr. Opin, Immunol., 5, 709 (1993); Curr. Opin. 
Immunol., 5, 719 (1993); Cell 82, 13 (1995), Immunol. Rev. 146, 167 (1995)). 

The aforementioned cancer antigens presented by MHC class i antigens on 
cancer cells are thought to be peptides comprising approximately 8-12 amino 
acids produced as a result of intracellular protease processing of antigen protein 
synthesised in the cancer cells {Curr. Opin. Immunol. 5, 709 (1993); Curr. Opin. 
Immunol. 5. 719 (1993); Cell 82. 13 (1995); Immunol. Rev. 146. 167 (1995). 

Currently, various cancers have been screened for antigen protein, but few 
cancer-specific antigens have been demonstrated. 

The Wilms' tumour suppressor gene WT1 (gene WT1) was isolated from 
chromosome 11 pi 3 and identified as a gene causing Wilms ' tumour as the 
result of analysis of WAGR syndromes complicated by Wilms' tumour, aniridia, 
genitourinary abnormalities and retarded neurotransmission, etc.. (Gessler, M., 
et al. Nature Vol. 343 p. 774-778 (1990); the genomic DNA comprises 10 exons 
of approximately 50 kb, and its cDNA is of approxim ately 3 kb. The amino acid 
sequence deduced from the cDNA is shown in SEQ ID NO: 1 {MoL Cell. Biol., 
11, 1707(1991)). 

Gene WT1 is highly expressed in human leukaemia and proliferation of 
leukaemia cells is suppressed when the cells are treated with WT1 anfisense 
oligomers (Japanese Laid-Open Patent 104627/1997). indicating that gene WT1 
acts to promote the proliferation of leukaemia cells. Moreover, gene WT1 is also 
highly expressed in stomach cancer, bowel cancer, lung cancer, breast cancer, 
germ cell cancer, liver cancer, skin cancer, bladder cancer prostate cancer, 
uterine cancer, cervical cancer and ovarian cancer and other solid cancers 
(Japanese Patent Application 191635/1997), confirming that gene WT1 is a new 
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tumour marker in leukaemia and solid cancers. However, it has not been 
demonstrated that products of WT1 gene expression are useful cancer-specific 
antigens for anticancer vaccines. 

Disclosure of the Invention 

Therefore, the object of the present invention is to confirm that products of 
gene WT1 expression are possible cancer antigens, and to offer novel cancer 
antigens. 

As the result of studies designed to solve the problem above, the present 
inventors have synthesised peptides of 7-30 consecutive amino acids within the 
amino acid sequence of products of expression of gene WT1, including at least 1 
amino acid predicted to function as an anchor amino acid in binding with murine 
and human MHC class I and MHC class II, and have confirmed that these 
peptides bind with MHC class I proteins; and have also confirmed that binding 
with an MHC class I antigen induces killer T cells, and leads to an advantageous 
cytotoxic effect on target cells, thereby perfecting the present invention. 

Therefore, the present invention offers cancer antigens which include a 
product of expression of the murine WT1 gene or a portion thereof. In a 
preferred form, the present invention offers cancer antigens in which the active 
ingredient is a peptide comprising 6-30 amino acids within the amino acid 
sequence shown in SEQ ID NO: 1 corresponding to WT1 cDNA, including an 
anchor amino acid for binding with MHC class I antigens. 

Moreover, the present invention also offers cancer antigens in which the 
active ingredient in a peptide comprising 7-30 amino acids in the amino acid 
sequence shown in SEQ. ID NO: 2 corresponding to human WT1 cDNA, 
including an anchor amino acid for binding with MHC antigens. 

The present invention also offers cancer vaccines which include a cancer 
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antigen above.. 

Simplified Explanation of the Drawings 

Figure 1 is a graph showing the proportions of CD4'^ cells and CDS"^ cells in 
flow cytometry of cells immunised with 0^126 and non-immunised cells in 
Example 1 . 

Figure 2 is a graph comparing the cytotoxic effect on target cells immunised 
with peptide D** 126 when pulsed with peptide D " 126 and when not pulsed in 
Example 2. 

Figure 3 is a graph with the same significance as Figure 2. 

In Figure 4, A is a graph showing the results of the cytotoxic effect of CTL 
induced by using peptide D** 126 inT2 cells pulsed with peptide D** 126 in 
Example 3, and B is a graph showing the results of the cytotoxic effect of CTL 
induced by WH 187 peptide in T2 cells pulsed with WH 187 peptide in Example 
3. 

Fig. 5 is a chart showing the results of FACS analysis of CTL surface 
markers induced by peptide 126 (CD19 cells and CD3 ceils). 

Fig. 6 is a chart similar to Figure 5 for CD4 cells and CDS cells. 

Fig. 7 is a chart similar to Figure 5 for CD56 cells. 

Fig. 8 is a chart showing the results of FACS analysis of CTL surface 
markers induced by WH 187 peptide (CD19 cells and CD3 cells). 

Fig. 9 is a chart similar to Figure 8 for CD4 cells and CD8 cells. 

Fig. 10 is a chart similar to Figure 8 for CD56 cells. 

Fig. 11 is a graph showing the effect of anti-HLA-A2.1 antibodies on specific 
cytolysis due to D'' 126 peptide-specific CTL in T2 cells pulsed with peptide D'' 
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126. 

Figure 12 is a graph comparing the cytolytic activity of D'^ 126 peptide- 
specific CTL on target cells expressing WT1 and target cells not expressing 
WT^. a shows the results when the E:T ratio was 7.5:1, and b shows the results 
when the E:T ratio was 15:1 . 

Figure 13 is a graph comparing the cytolytic activity of D** 126 peptide- 
specific CTL on tumour cells which inherently express WT1 (FBL3) and tumour 
cells which do not express WT1 (RMA). 

Figure 14 is a graph comparing the cytolytic effect of 126 peptide-specific 
CTL against cells transfomned with gene and non-transformed cells. 

Figure 1 5 is a graph showing the effect of anti-H2 class I antibodies on the 
cytotoxicity of 126 peptide-specific CTL. 

Figure 16 is a graph showing the /n v/Vo immune effect in mice immunised 
using peptide D** 126 as a vaccine. 

Figure 17 is a graph showing the In wVo immune effect in mice immunised 
using a plasmid expressing WTI as a DNA vaccine. 

Figure 18 is a graph showing that no immune effect was produced by 
administering a plasmid did not express WT1 in the contr ol for Figure 17. 

The Preferred Mode for Carrying Out the Invention 

In the present invention, selection of peptides expected to be selective for 
murine MHC class I K*' or D'' and human HLA A*0201 and to have high affinity 
with these was fundamental in designing the cancer antigen peptides. 

From Immunogenetics Vol. 41, pp. 178-228 (1995), Phe and Tyr at 5 and 
Leu and Met at 8 were expected to be among the anchor amino acids for binding 
to K*", and Asn-5 and Met and lie at 9 were expected to be among the anchor 
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amino acids for binding to D*". 

In addition, the size of cancer antigen peptides presented by MHC class I is 
known to be about 8-12 amino acids, and therefore the cancer antigen peptides 
of the present invention are peptides comprising 7-30 consecutive amino acids in 
the amino acid sequence shown in SEQ ID NO:1 produced by gene VVT/, 
Including an anchor amino acid. The number of amino acids is preferably 8-12 - 
8 to 9. for example.. 

In the present invention, the peptides of 8 amino acids below were used as 
specific examples of peptides binding to MHC class I K ^: 

45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID NO: 3) 

K*^ 330 Cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID NO: 4) 

and the peptides of 9 amino acids below were used as peptides binding to MHC 
class I D^: 

D*' 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5) 

221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (SEQ ID NO: 6) 

D'^ 235 Cys Met The Trp Asn Gin Met Asn Leu (SEQ ID NO: 7). 

The amino acids underlined in the sequences above are the amino acids 
predicted to function as anchor amino acids. 

The ability of these peptides 45 and 330 to bind with MHC class I 
and the ability of peptides DM26, D^ 221 and D ^ 235 to bind with MHC class I D^ 
were determined using a cell line which expresses and D ^ (RMA-S) without 
antigen markers (empty). 

Thus, MHC class I was highly expressed by culturing RMA-S at 26° C, and 
then the cultured cells were incubated for 1 hour at 37°C with solutions of the 
test peptides. As a result MHC molecules not bound to a peptide became 
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unstable and were lost from the cell surface, leaving only peptide-bound MHC 
class 1 molecules. The RMA-S cells were then stained with fluorescently labelled 
monoclonal antibodies which recognised MHC class I (K ^ or Finally, binding 
dissociation constants were calculated from the average quantity of fluorescence 
per cell, found by FACS assay {Immunol Lett. 47. 1 (1995)). 

The results obtained were as follows. 

K*> 45 -4.5784838 (log) 

K^'SSO 5.7617732 

D*' 126 -6.2834968 

D*' 221 -5.7545398 

□''235 -6.1457624 

From results above, that all of the peptides showed strong to moderate 
binding affinity (kd value) for or D'*; however, the peptide which showed the 
highest affinity, D** 126, was used in subsequent experiments. 

From Immunogenetics Vol. 41, pp.1 78-228 (1995). it was predicted that in 
man the anchor amino acids for binding to HI_A-A* 0201 would be Leu and Met 2 
from the N-terminus and Val and Leu 9 from the N terminus. Accordingly, two 
peptides comprising 9 amino acids from within the amino acid sequence for 
human WT1 protein {Mot. Cell. B/o/. Vol.. 11. pp. 1707-1712 (1991)) (SEQ ID 
NO: 2) were synthesised which met the conditions above. 

D'' 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu^(SEQ ID NO: 5) 

(The same as the sequence of D'' 126 in the mouse) 

WH 1 87 Ser Leu Gly Glu Gin Gin Tyr Ser VaL (SEQ ID NO: 8) 

(The underlining indicates the anchor amino acids.) 

The peptides above were tested for their ability to bind with HLA-A* 0201 by 
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the following method. 

The peptides above were incubated at 37** C for 1 hours with empty T2 cells 
having HLA-A*0201 (J. Immunol., 150, 1763 (1993); Blood 88, 2450 (1996)), and 
then the T2 cells were stained with fluorescently labelled monoclonal antibodies 
which recognised HLA-A2.1, and the binding dissociation constant was 
calculated from the average fluorescence per cell determined by FACS. 



Binding capacity 



Peptide 


Kd (M) 


D" 126 
WH 187 


1.89 X 10-5 
7.61 X 10^ 



Both peptides showed at least moderate binding affinity. 

The experiments below were performed using Db 126 and WH 187 a bove as 
peptides corresponding to the human MHC, 

The present invention also relates to cancer vaccines in which the active 
ingredient is an aforementioned antigen. These vaccines can be used to prevent 
or treat cancers, including leukaemia, myelodysplastic syndromes, multiple 
myeloma and malignant lymphoma and other cancers of the blood, or stomach 
cancer, bowel cancer, lung cancer, breast cancer, germ cell cancer, liver cancer, 
skin cancer, bladder cancer, prostate cancer, uterine cancer, cervical cancer, 
ovarian cancer and other solid cancers, for example, by raising the level of 
expression of gene WT1. These vaccines can be administered orally or non- 
orally - for example by intraperitoneal administration, subcutaneous 
administration, intradermal administration, intramuscular administration. 
Intravenous administration intranasal administration or by some other route. 

An alternative method for administering vaccines of the present invention is 
to collect peripheral blood from the patient, removing the dendritic cells, pulsing 
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them with a peptide of the present invention and returning them to the patient by 
the subcutaneous route or some other route. 

In addition to the peptide administered as the aforementioned active 
ingredient, the vaccine can also include a pharmaceutically permitted carrier, for 
example a suitable adjuvant, for example a mineral gel such aluminium 
hydroxide, a surfactant such as lysolecithin or a pluronic polyol, a polyanion, 
peptide or oil emulsion aid. Or it can be mixed into liposomes, include a 
polysaccharide and/or other aggregate included in vaccines. The dose will 
generally be 0.1 [ig to 1 mg/kg per day. 

The present invention can also be used as a vaccine of DNA coding a 
polypeptide vaccine above (DNA vaccine). Thus, a nucleic acid, and preferably 
DNA, coding WT1 or a part thereof can be inserted into a suitable vector, and 
preferably an expression vector and then administered to an animal to produce 
cancer immunity. A concrete example is presented in Example 9. 

Examples 

Next, the peptides of the present invention will be shown to be useful as 
cancer antigens and cancer vaccines by means of practical examples. 

Example 1 

C57BI_/6 mice were immunised twice weekly by intraperitoneal injection of 
100 lag of peptide 126, 200 ^ig of porcine lactate dehydrogenase (LDH) and 
0.5 ml of Freund's incomplete adjuvant. One week after immunisation, the 
spleens were removed from the mice to prepare a splenocyte suspension. 
Meanwhile, irradiated splenocytes from mice of the same strain pulsed with 
peptide D'' 126 were incubated for 30 minutes at 37°C with a solution containing 
the peptide at 50 |ag/ml. 

The aforementioned immunised splenocytes and irradiated splenocytes were 
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mixed and cultured together for 5 days to induce killer T cells. A kiHing assay was 
performed using the conventional method with europium-labelled EL-4 cells 
(expressing K** and D'') pulsed with peptide DM26 (incubated for 30 minutes at 
37°C with a solution of peptide at 100 |ig/m!) as target cells, by the following 
procedure (Table 1). 

As a result, there was a cytotoxic effect with D'' 126-pulsed EL-4 target cells, 
but hardly any cytotoxic effect was seen In EL-4 cells that had not been pulsed 
with DM26. 



Table 1 





Mouse A 


Mouse B 


Peptide + 
Peptide - 


76.6% 
4.9% 


37.2% 
0.9% 



E/T 40:1 



Next the expression of CD4 and CDS in splenocytes which showed a 
significant cytoxic effect in the killing assay was analysed by flow cytometry after 
staining with fluorescently-labelled anti-CD4 antibodies or anti-CD8 antibodies. 

The results, in Figure 1, showed an increase in CDS * cells, typically killer T 
cells, in splenocytes immunised with peptide D'* 126 compared with non- 
immunised irradiated cells, with the increase reversing the proportion of CDS* 
cells relative to CD4* cells, typically helper T cells. 

Example 2 

Dendritic cells DC) were prepared as follows from the bone marrow of 
C57BL/6 mice. Myelocytes were cultured by to the usual method in the presence 
of GM-CSF, to prepare bone marrow dendritic cells (J. Exp. Med. 182, 255 
(1995)). 

Seven-day cultured dendritic cells were incubated for 3 hours with OVAII 
(Ovalbumin II) at 10 [iM and peptide D*' 126 at 1 ^M, and then washed. 
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The DC cells above were injected into the skin of the foot pans and hands of 
C57BL/6 mice; on day 5, the associated lymph nodes were removed and a cell 
suspension was prepared. Meanwhile, B7.1-RMA-S cells pulsed with peptide 
126 and irradiated (RMA-S cells transfected with the gene coding the co- 
stimulatory molecule B7.1) were prepared. 

The above lymph node cell suspension and 87. 1 -RMA-S cells were then 
mixed and restimulated by culturing in vitro. 

Then, on day 5 of in vitro restimulation a killing assay was performed, 
targeting ^^Cr-labelled RMA-S cells. Use of 1/8 of all the lymphocytes recovered 
on day 5 of restimulation as effector cells gave the maximum E/T ratio (1 .0). 

As shown in Figure 2 and Figure 3, effector cells from lymph nodes of mice 
immunised with peptide 126 killed target cells pulsed with said peptide, 
whereas cells that were not pulsed with said peptide were not killed. 

In addition, when the ratio of CD4* cells and CD8* cells was analysed by flow 
cytometry as in Example 1 , CD4 : CDS = 1:1 .4-1 .7 with an increase in CDS* 
cells among cells from mice immunised with peptide D*" 126 compared with non- 
immunised mice (control) (in control cells the ratio was approximately 2:1), with 
the ratio of CD4* cells and CDS* cells being reversed among immunised cells. 

Example 3 

5 x IC^ T2 cells irradiated after incubation for 1 hour with peptide D** 126 or 
WH 187 (40 ^ig/ml) and 1 x 10® healthy human peripheral monocytes having 
HLA-A* 0201 were cultured together. After 1 week, T2 cells irradia ted after 
incubation fori hour with the peptide (20 lag/ml) were added to the above joint 
culture, and restimulated. From the following day human IL-2 was added to the 
culture solution (final solution 100 JRU/ml). 

Stimulation with T2 cells irradiated after pulsing with the peptide was 
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repeated 5 more times, and then killing assays were performed with T2-cells 
pulsed with the peptide or un-pulsed T2-cells as the target. Induction of CTL 
surface markers was also analysed by FACS. 

The killing assay was performed by the usual method, with europium-labelled 
T2-ceIls pulsed with peptide used as the target. 

Effector : target ratio (E/T ratio) was 10:1 ; joint culture time was 3 hours. 

Peptide concentration in the culture solution : 5 [l g/ml 

The results are shown in Figure 4. Figure 4 A shows the cytotoxic effect of 
CTL induced using peptide 126 on T2-cells pulsed with peptide D** 126; and 
Figure 4 B shows the cytotoxic effect of CTL induced using peptide WH 187 on 
T2-cells pulsed with peptide WT 187. 

In both cases a more intense cytotoxic effect was seen in T2-cells pulsed 
with peptide. 

The results of FACS analysis are shown in Figure 5 to Figure 10. Figures 5-7 
show the results for human CTL induced by peptide D'' 126; nearly all cells were 
CD8*. Figures 8-10 show the results for human CTL induced by peptide WH 187. 
There were approximately equal numbers of CD4'^ and CDS"^ cells. 

Example 4 

In order to test MHC-restriction of the cytolytic activity of D*' 126 peptide- 
specific CTL, anti-HLA-A2.1 monoclonal antibod ies were used in order to block 
the cytotoxic activity of CTL against T2 cells pulsed with the peptide. The 
dependence or non-dependence of specific cytolysis of T2-ceils pulsed with 
peptide D'' 126 on blocking monoclonal antibodies (BB7.2) to the HLA2.1 
molecule was determined at an E/T ratio of 5:1 . 

The results are shown in Figure 11, In this graph, * shows the results when 
an anti-H-2K^ monoclonal antibody was used instead of the anti-HLA-A2.1 
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monoclonal antibody. It is clear from the graph that cytotoxicity is lowered to the 
background level of T2-cell cytolysis by the addition of the anti-HLA-A2.1 
antibody at 60 (ig/ml. T2 cell lysis was not affected by an unrelated monoclonal 
antibody of the same isotype (anti-H-2K*' monoclonal antibody Y3). 

Example 5 

126 peptide-specific CTL were tested for ability to kill HLA-A2.1 -positive 
leukocytes which inherently express WT1, Cytotoxicity was determined using 
TF1 cells (expressing WT1] HLA-A2.1 -positive), JY cells (not expressing l/VTY; 
HLA-A2.1 -positive) and Molt-4 cells (expressing WT1] HI_A-A2.1 -negative) were 
used as target cells, at an E/T ratios 7.5:1 or 15:1. 

The results are shown in Fig. 12. D'' 126 peptide-specific CTL showed 
significant cytotoxicity towards TF1 cells, which express WTI and are HI_A-A2.1- 
positive, but showed no more than a background level of cytolysis in the case of 
MoIt-4 (expressing WTI] Hi_A-A2.1 -negative) and JY cells (not expressing WT1] 
HLA-A2.1 -positive) 

Example 6 

D'' 126 peptide-specific CTL were tested for ability to recognise and cause 
cytolysis of tumour cells which inherently express WT1. Specific cytolysis was 
determined at the E/T ratios shown in Figures 13 and 14 in tumour cells which 
express WT1 (FBL3) and tumour cells which do not express WT1 (RMA) (Figure 
13), and in C1498 cells transfected with the WT1 gene and CI 498 cells not 
transfected with the TW1 gene (Figure 14). 

As shown in Figure 13, D'' 126 peptide-specific CTL caused lysis in FBL3 
cells, which inherently express WT1, but did not cause lysis in RMA cells, which 
do not express WT1. Moreover, as shown in Figure 14, D'' 126-peptide specific 
CTL killed C1498 cells transfected with the murine WT1 gene rather than the 
parent CI 498 cells, which do not express WT1, This confirmed definitively that 
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the molecule targeted by the CTL in killing cells is a WT1 peptide. These results 
indicate that 126 peptide-specific CTL can recognise peptide 126 or an 
associated peptide produced naturally by intracellular processing of Wfl protein 
and present on the H-2 D** molecule of cells expressing \NT1, 

Example 7 

In order to test MHC restriction of the cytolytic activity of the CTL, 
determinations were performed in the presence of H-2 class I molecules. Thus, 
[cytolysis of]^ RMA-S cells pulsed with peptide D** 126 by 126 peptide-specific 
CTL was tested in the presence of controlled titres of monoclonal antibodies to 
H-2 K*' (28.13.3S), H-2 D*' (28.1 1.5S) or H-2 L^ (MA143). As control monoclonal 
antibodies, monoclonal antibodies of the corresponding isotype were used. 

The results are shown in Figure 15. CTL cytolytic activity towards RMA-S 
cells pulsed with peptide D*' 126 was suppressed in a concentration-dependent 
manner by antibodies to H-2 D^ but antibodies against H-2 or H-2 L*^ did not 
suppress CTL cytolytic activity. These results indicate that the CTL show H-2 D*'- 
restricted cytolytic activity. 

Example 8 

Peptide D** 126 was tested for the ability to provoke tumour immunity /n wVo 
by positive immunisation. Mice were immunised once in 1 week with LPS- 
activated splenocytes pulsed with peptide D'' 126 (solid line in Figure 16), LPS- 
activated splenocytes alone (crosshatched line) or phosphate-buffered saline 
(PBS) (broken line). Three weeks after immunisation, they were challenged by 
intraperitoneal injection of 3 x 10^ FBL3 leukaemia cells. 

The results are shown in Figure 16. Mouse immunised with peptide 126 



^ The words "cytolysis of are not in the Japanese, but seem to be needed to make sense of 
the sentence. Translator 
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overcame the tumour challenge and survived, but non-immunised mice and mice 
immunised with LPS-activated splenocytes did not withstand the tumour 
challenge, and died. Ascites was seen within 3 days of the aforementioned 
inoculation of tumour cells into the peritoneum in both immunised and non- 
immunised mice, in the non-immunised mice the ascites continued to increase, 
and the mice died. In the Immunised mice, on the other hand, there was a 
subsequent gradual diminution of ascites and the mice completely rejected the 
tumour challenge and survived. Natural regression was seen in isolated cases 
among non-immunised mice. This regression is thought to be due to the natural 
induction of CTL specific for Friend leukaemia virus (FBL3 leukaemia cells are 
transformed by this virus). This type of CTL Induction is sometimes observed in 
C57BL/6 mice. 

Embodiments DNA vaccine 

6-8-week old C57BL/6 mice were given a total of 3 intramuscular injections 
of 100 |ag of plasmid DNA expressing WT1 (a plasmid persistently expressing 
WTI, constnjcted by ligating the Sun 3AI fragment of murine WT1 cDNA 
{Molecular and Cellular Biology yol 11, No. 3. pp. 1707-1712 (1991; p. 1709, left 
column) with a CMV-IE promotor) {Proc. NatL Acad. ScL, USA 92, 11105-11109 
(1995)) at 10-day intervals. Ten days after the last injection, the spleens of the 
mice were removed, to give a spienocyte preparation; these splenocytes were 
cultured with mWTI CI 498 cells expressing WT1 (irradiated with 40 Gy) for 6 
hours at 37°C, and then a killing assay (europium labelling) was performed using 
as target cells C1498 expressing WT1 (PhASG-tr^WTI) and CI 498 not 
expressing WT1 (PM5G). CI 498 is a murine bone marrow leukaemia cell line 
which does not express WT1. 

Cytotoxic T lyphocytes (CTL) were induced which killed CI 498 cells 
expressing WT1 (PMSG-mtVT^) but did not kill cells that did not express WT1. 
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The results are shown in Figure 17. 

As a control, the experiment above was repeated, but a plasmid that did not 
express WT) (without WT1 cDNA) was injected intramuscularly into mice instead 
of instead of the plasmid expressing WT1, Splenocytes were taken as in the 
experiment above, and a killing assay was carried out after \n vitro stimulation 
with C1498 expressing WT1 (PMSG-mlVT^). 

As shown in Figure 18, WT1 protein-specific CTL were not induced after 
intramuscular injection of the control plasmid DNA which did not include WT1 
cDNA. 

The results above demonstrate definitively that the peptides of the present 
invention function as cancer antigens and that they cause the induction an 
proliferation of killer T cells (T cells which harm cancer cells). Therefore, cancer 
antigen peptides of the present invention raise the expression of the WT1 gene 
and are useful as a cancer vaccine against solid carcinomas. 
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CLAIMS 

1 . A cancer antigen in which a product of cancer suppressor gene WT^ or a 
partial peptide thereof is an active ingredient. 

2. A cancer antigen as described in Claim 1, in which the active ingredient is 
a peptide comprising 7-30 consecutive amino acids in SEQ ID NO: 1. including 
an anchor amino acid needed for binding to an MHC molecule, or a peptide 
comprising 7-30 consecutive amino acids in SEQ ID NO: 2, including an anchor 
amino acid needed for binding to a n MHC molecule. 

3. A cancer antigen as described In Claim 1 or 2. in which the 
aforementioned antigen is an antigen for cancer which causes high expression 
of the cancer suppressor gene WT1. 

4. A cancer antigen as described in Claim 1 or 2 in which the 
aforementioned cancer is leukaemia, a myelodysplastic syndrome, malignant 
lymphoma, multiple myeloma, stomach cancer, bowel cancer, lung cancer, 
breast cancer, germ cell cancer, liver cancer, skin cancer, bladder cancer, 
uterine cancer, cervical cancer or ovarian cancer. 

5. A cancer antigen as described in any of Claims 1-4 in which the 
aforementioned peptide is any of: 

K'^ 45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID NO: 3) 

K'^ 330 Cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID NO: 4). 

D" 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5) 

221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (SEQ ID NO: 6) 

D** 235 Cys Met The Trp Asn Gin Met Asn Leu (SEQ ID NO: 7) 

WH 1 87 Ser Leu Gly Glu Gin Gin Tyr Ser Val (SEQ ID NO: 8) 
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6. A cancer antigen as described in Claim 5 in which the aforementioned 
peptide is: 

D*' 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5), or 
WH 187 Ser Leu Gly Glu Gin Gin Tyr Ser Val (SEQ ID NO: 8). 

7, A cancer vaccine including a cancer antigen described in any of Claims 
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